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ADB in USA
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Best summary: 

Comments to NPRM issued:
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› Matrix LED headlights are „Adaptive Driving Beams / Glare Free High Beam”

› Each segment is individually dimmable and switchable

› Camera detects other traffic. Image processing controls segments.

› Traffic sign segments have reduced brightness.

› Driver has always best available seeing distance

Today´s most digital Light: Matrix LED
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Prominent Matrix Member Frontlighting: 

New Audi A8 Matrix
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Audi A8 Matrix 

Oncoming car 200 m Oncoming car 100 m Oncoming car 50 m 
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Audi A8 Matrix 

Full High BeamOncoming car 200 m Oncoming car 100 m Oncoming car 50 m Full High Beam

AUDI AG   I/EE-12 Dr. Michael Hamm    Smarter Lighting - ADB   15.01.2019



10

ADB today
› ADB and NPRM

› ADB Functionality

› ECE R123 Measurements

› ADB in the World Market

› ADB and traffic safety

› Safety figures

ADB in Future: Digitalization Research
› Positive Effects

› Investigation on Distraction

ADB, Market and Digitalization Research

AUDI AG   I/EE-12 Dr. Michael Hamm    Smarter Lighting - ADB   15.01.2019



11

ECE Regulation 123: ADB Measurement in R.123, Table 7
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ADB Measurement ECE R. 123, Table 7
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14Matrix LED in Series production (2018)

Audi TT
LandRover Velar

Audi A3

Audi A5

Audi A4

Audi A6

Audi Q5

Audi A7

Audi A8

Audi Q7

Porsche Panamera

Mercedes CLS-Class

Opel Astra

Mazda CX-5 & 6

Audi A8

Roewe RX5

Mercedes E-Class

Opel Insignia

Audi etron

Mercedes S-Class

Lexus LX

Jaguar ePace

VW Touareg

BMW Mini
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LED Low Beam + HD Matrix

LED Low Beam 
+ SmartMatrix

LED/ Xenon  Low Beam + 
Partial High Beam

ADB and Matrix: Many Solutions 

AUDI AG   I/EE-12 Dr. Michael Hamm    Smarter Lighting - ADB   15.01.2019

2011 2013-2016                                                       2017                    2018                2019                

First ADB 
System
VW Touareg
2010 A8 TT A6 A7 Q7 A4 A3 A5 Q5

A8 A7 Q8 A6

A6 etronSmart Matrix 

Matrix HD 

Q3
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Many ADB names have been invented
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Adaptive LED Headlights
Active High Beam
Dynamic Light Assist
High Beam Control
Intelligent Light System
Maskiertes Dauerfernlicht
Matrix LED
Multibeam 
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Many ADB names have been invented
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Adaptive LED Headlights
Active High Beam
Dynamic Light Assist
High Beam Control
Intelligent Light System
Maskiertes Dauerfernlicht
Matrix LED
Multibeam 

VW: Maskiertes Dauerfernlicht MDF

Mercedes ILS
Intelligent Light System

Mercedes Multibeam

JLR: Matrix-LED

Mazda: HBC High Beam Control

Volvo: Active High BeamBMW Adaptive LED Headlights

Audi: Matrix LED

Mercedes ILS
Intelligent Light System

Mercedes Multibeam

Mazda: HBC High Beam Control

Volvo: Active High BeamBMW Adaptive LED Headlights

JLR: Matrix-LED

Audi: Matrix LED

Mercedes ILS
Intelligent Light System

Mercedes Multibeam

Mazda: HBC High Beam Control

Volvo: Active High BeamBMW Adaptive LED Headlights



18

Worldwide Cars available with ADB
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Estimated Produced Volumes with ADB content ( basic source IHS Database)
(New Cars or respective Facelifts from 2013…2018)
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Audi
A8 
(MY2013) 146000
A8 
(MY2017) 31000
Q8 28000
A7 
(MY2014) 103000
A7 
(MY2018) 25000
Q7 260000
A6 (MY 
2015) 320000
A6 
(MY2018) 75000
Q5 330000
A5 190000
A4 1030000
A3 460000
Q3 23000
TT 182000
Audi e-

tron 5000

3208000

BMW: 7-series 286000
6-series 66000
5-series 487000
4-series 398000
3-series 1033000
2-series 147000
1-series 514000
Mini 192000
X6 93000
X5 415000
X4 112000
X3 145000

3888000

Mercedes: S-Class 484000
S-Class 
Coupe 38000
CLS-Class 36000
E-Class 1183000
C-Class 161000
GLE 58000
GLC 178000
V-Class 129000

2267000

Opel/PSA: Insignia 262000
Astra 780000
Citroen 
DS3 52000

1094000

Volvo: XC90 169000
S90 62000
XC60 71000
S60 55000
V40 184000

541000

VW: Touareg 45000
Arteon 63000
Passat 404000
CC 88000
Tiguan 727000
Sharan 80000
Touran 453000

Golf 1137000
2997000

Others Mazda 270000
Jaguar/Landro
ver 335000
Lexus/Roewe
et al. 100000

705000

Estimated Total produced cars with ADB as an option:

14.700.000 cars (2013..2018)



20

› Total produced cars:  14.600.000

› Estimated Equipment rate: 10%  
(conservative approach )

› Total cars on roads in ECE and China: 1.460.000

More calculation:
Average kilometers per car EU : 12.000km / a
(Germany was 14.259km/a)
(source enerdata 2019, AutoMotorSport)

Total driven kilometers with ADB cars /(2018):    17.640.000.000     = 17.64 billion kilometers

Assumption: Kilometers driven at night:     33%

Total driven kilometers

at NIGHT with ADB cars /(2018):    5.821.200.000      = 5,82 billion kilometers

Mathematics
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› ECE R. 123 requires measurement of ADB functionality

› ECE R.48 requires ADB functionality test

› More than 5 billion kilometers driven at night with ADB cars

› All cars have passed ECE/China homologation

› Not a single field recall or regulation authorities investigations about Malfunctioning ADB

› ADB according to ECE R.123 has passed the largest imaginable field test

› ( shy question  )
Why do we need more and incredibly complex measurements ?

Summary Statistics

AUDI AG   I/EE-12 Dr. Michael Hamm    Smarter Lighting - ADB   15.01.2019
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ISAL 2007 Accident Study  
Data & Method

carried out by TÜV Rheinland , Germany

Database:

Accident data from DESTATIS* on German roads (1995 – 2005)

› Divided in different road types (rural roads, highways and city roads)

› Considering the external illumination (day vs. night)

› Splitted in two groups of cars

› models with high Xenon take-rate (increasing from 5% to 60% in the given period)

› models with nearly no Xenon called “halogen cars” (Xenon take-rate ~1% and lower)

Take-rate information from second-hand car market in Germany

Method:

Eliminate all non-lighting-related factors in the analysis by using the night-
time to daytime accident ratio (e.g. ESP is working at night and day and does not 
influence the ratio)

* „Statistisches Bundesamt” in Germany 

AUDI AG   I/EE-12 Dr. Michael Hamm    Smarter Lighting - ADB   15.01.2019

Source:  
Schäbe, D.; Schierge, F.: Investigations on the influence of car lighting
on nighttime accidents in Germany.
In: ISAL 2007, p. 1-5. UTZ Verlag Wissenschaft, München 2007. 
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Ratio of Night- to Daytime Accidents

0%
5%

10%
15%
20%
25%
30%
35%
40%
45%
50%

Rural Roads Highways City Roads

2007 Study Results

On rural roads and highways the ´Night-to-Day-Ratio´ was significant lower for the 
group of cars with high Xenon take rate.

For the group of cars with high Xenon take rate the risk of having a night time 
accident was clearly lower: -25% on rural roads and -17% on highways !!

The effect on city roads is small due to the quite high road illumination
(which proves the applied statistical method !)

Halogen Cars
Cars with high Xenon take rate

100% ~50%~50%
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Source:  
Schäbe, D.; Schierge, F.: Investigations on the influence of car lighting
on nighttime accidents in Germany.
In: ISAL 2007, p. 1-5. UTZ Verlag Wissenschaft, München 2007. 
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Regarding the total car fleet, the Xenon penetration is still quite low
(~10% in Germany, << 10% in Europe).

Based on the results of the TÜV study a full switch from 100% Halogen to 
100% Xenon in …

… Germany
› … would avoid more than 50% of night-time accidents on rural roads.
› … would inhibit 24% of all night-time accidents

(-25.000 crashes, - 1.100 deaths based on 2001).
› … would avoid 7% of all accidents and 16% of all fatalities.

… Europe
(assuming that the German situation is fully transferable)

› … would prevent 130.000 injuries a year (based on EU-25 in 2001).
› … would save more than 8.000 fatalities per year (based on EU-25 in 2001).

Consequences

AUDI AG   I/EE-12 Dr. Michael Hamm    Smarter Lighting - ADB   15.01.2019

Source:  
Schäbe, D.; Schierge, F.: Investigations on the influence of car lighting
on nighttime accidents in Germany.
In: ISAL 2007, p. 1-5. UTZ Verlag Wissenschaft, München 2007. 
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Data Comparison of Range:
CIE TC 4-45
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Range = average of intersections of 1 lx, 3 lx and 5 lx isolux lines with longitudinal lines

3 lx are the threshold to recognise road features, pedestrians or obstacles (with a reflectance of 4%)
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Zone A Halogen (H4 & H7) vs. Today‘s LED systems
AUDI AG   I/EE-12 Dr. Michael Hamm    Smarter Lighting - ADB   15.01.2019
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Average Detection Distances for different traffic situations   
( Static Evaluation) [Kleinkes 2013]

Setting
Avg. detection 

distance /m
Std. dev

/ m

Preceding Car @150m Low Beam 85 14,3

ACOL 100 12,1

Glare free 
HB / MXB

130 13,0

Oncoming car @100m Low Beam 82 11,0

ACOL 128 11,7

Glare free 
HB / MXB

139 15,6

45 m (+ 52%) 

57 m (+ 69%) 

AUDI AG   I/EE-12 Dr. Michael Hamm    Smarter Lighting - ADB   15.01.2019
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‘Object Identification  [Bullough 2016]

65 ft ( 130%)
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DeBoer Ratings for three low beam and and activated MatrixBeam (ADB)  
system. [Reagan 2015].

Source: Reagan, I.J., Brumbelow, M.L.: “Perceived discomfort glare from an adaptive driving beam headlight system compared with three low 
beam lighting configurations”. Proc. 6th International Conference on Applied Human Factors and Ergonomics (AHFE 2015) and the Affiliated 
Conferences, AHFE 2015. pp.3215-3221
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› Modern LED lamps have about 50% higher Zone A (TC 4-45) rating than Halogens.

› ADB systems can deliver 50..130% more Detection resp. Object detection distance than LED. 

› (ECE) LED systems and (ECE) ADB systems produce less glare than conventional (US) Xenons

› It can be assumed that ADB systems have even better impact on traffic safety than only Xenon

› ADB systems are on the market since 2010

Summary ADB, Range and Detection

AUDI AG   I/EE-12 Dr. Michael Hamm    Smarter Lighting - ADB   15.01.2019
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OECD Statistics on Road Fatalities 1994…2016
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OECD Statistics on Road Fatalities 1994…2016
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› By no investigated item there is
any evidence that ECE lighting is negative to traffic safety. 

› There is no evidence that
US is due to absence of ADB better than ECE

› ADB already contributes to traffic safety

›The general task for all of us is
to make the benefits to traffic safety
more transparent than it is now.

Summary

AUDI AG   I/EE-12 Dr. Michael Hamm    Smarter Lighting - ADB   15.01.2019
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NEXT SAFETY DISCUSSION: Digitalisation

Ten-thousands, hundred-thousands , 
Millions of Pixels

LED

AUDI AG   I/EE-12 Dr. Michael Hamm    Smarter Lighting - ADB   15.01.2019
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Construction Zone Light   (CZL)
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Construction Zone Light   (CZL)
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Construction Zone Light   (CZL)
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Construction Zone Light   (CZL)

Normal Lane Construction Zone

Lane Gap Delta / m 0,875 0,4

steering delta α / ° 3 3

travelling distance / m 16,70 7,63

elapsed time / s @ 30mph 1,25 0,57

elapsed time / s @ 45mph 0,83 0,38

elapsed time / s @ 60mph 0,63 0,29
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Test Setup Construction Zone Light   (CZL)
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Construction Zone Light   (CZL)
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Study on Potential Distraction of HR 
Symbol Projections on the Road

Dmitrij Polin, FGLT Darmstadt, 2018

Study 2018 published by TU Darmstadt FG Lichttechnik, excerpts in this presentation: 
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Objectives

Safety

-Do projections distract other road users?

-In what situations is it likely to happen?

Approach

-Evaluation of distraction in an objective
manner

-Subjective opinion about projections from the 
non-user point of view

AUDI AG   I/EE-12 Dr. Michael Hamm    Smarter Lighting - ADB   15.01.2019
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Eye Tracking System
Evaluation of distraction in an objective manner

SmartEye

4 cameras gaze behavior

Installed in a car of TU Darmstadt

Gaze tracking

Head position tracking

Data rate 60 / 120 Hz

IR illumination

1 scene camera

Eye tracking sysem and calibration pattern

Example of gaze distribution
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Case 1: Vehicle with HR headlights projects symbols
while overtaking other vehicles – ROI

ROI
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Case 1: Design of Experiment

HR

TP H

HR vehicle

› Overtaking @ 100 km/h

› Random order
› Snowflake

› Guiding lines

› Construction site

› Low beam

TP vehicle
Subject driving
Following H
Gaze behavior
Fixations in ROI
Test instructor

H vehicle
Preceding
Constant speed 80 km/h

x
x

x
x

ROI

40 m

x x x
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Case 1: Gaze Density Distribution

Interior

ROI

Interior
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Case 2: Other vehicles overtake vehicle with HR 
headlamps projecting symbols – ROI

ROI

AUDI AG   I/EE-12 Dr. Michael Hamm    Smarter Lighting - ADB   15.01.2019
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Case 2: Design of Experiment

TP H

HR vehicle

› Constant speed 80 km/h

› Random order
› Snowflake

› Guiding lines

› Construction site

› Low beam

TP vehicle
Subject driving
Following H at 40 m
Gaze behavior
Fixations in ROI
Test instructor

H vehicle
Preceding
Overtaking @ 100 km/h

ROI
HR
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Case 2: Gaze Density Distribution
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›ADB is our future technology.

›How are the bets: When will ADB come in the US ?

›Estimate: ADB will come

›Future technologies are coming, giving more possibilities

›Our arguments how this improves traffic safety have to be improved

Summary
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Thank you for your
attention!
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